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Abstract
The diffuser plate is the key component of the direct type LED backlight module. The optimization and design of the
micro-structures on the surface of the diffuser plate are the critical factors in manufacturing diffuser plate of good
optical properties. A mathematical model of direct type LED backlight is built. The size and arrangement of micro-
semispheres are simulated using Lighttools7.0 software based on a Monte Carlo ray tracing. The influence of the
magnitude and arrangement of micro-semispheres on the optical properties of the diffuser plate is analyzed by this
method. And when the sphere’s radius is fixed, the center distance is optimized for the best one. Simulation results
show that: the uniformity of luminance increases with the increase of the radius value, while the uniformity of
luminance decreases with the increase of the center distance value.
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for
Automobile, Power and Energy Engineering
Keywords: LCD diffuser design; ray tracing method; Micro-semisphere structure design; optimization
1.  Introduction
Liquid Crystal Display (LCD) has been developing rapidly over the recent years, and has gradually
become the dominant product in the display market [1]. Accordingly, the Backlight technology, as the
core technology of LCD, has gone through a great development. At the present time, LCD Backlight
Module mainly adopts edge-lit backlight and direct type backlight [2]. As far as the edge-lit backlight is
concerned, the uniformity of luminance and the brightness are generally limited if its size is large. Besides,
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considerable weight and manufacturing cost of the diffuser plate are also inevitable when a large display
is produced, which is not economical and desirable. Compared with the edge-lit backlight, the direct type
backlight has a simple manufacturing process and does not require the light guide plate [3]. And its key
technical advantage lies in the uniformity of the color and the luminance. The direct type LED backlight
now is the main focus of the LCD-TV backlight research.
As the key component of LCD, the diffuser plate is used widely in the large-sized backlight with direct
light source. With the increasing selling of the large-sized backlight, the demand for the diffuser plate has
been continually growing. The diffuser plate’s function is softening the light distribution and reducing the
difference between brightness and darkness so that the light distribution becomes more uniform. The
diffusivity and transmittance mainly depend on the geometry and placement of micro-structures.
Therefore, the optimum design of the geometry and the placement of the micro-structures will not only
improve the luminance and the emitting transmittance, but also save the processing cost [4]. Many
scientific institution and companies have been sparing no efforts to develop various types of new diffuser
technologies recently. However, the optical properties of the diffuser still need much improvement.
 In this paper, a 3D model of a 0.5 mm-thickness diffuser is set up, with LED being the light source.
The dimension and center distance of the micro-semispheres were optimized by Lighttools7.0, to get the
proper micro-semispheres structure and layout. Our research could provide an experiment basis for the
design of thinner diffusers with high luminance and uniformity [5].
2.  Simulation and analysis of semisphere micro-lens
The main steps of analyzing the optical performance of the diffuser are as follows: (1) set up the 3D
model of the direct type LED backlight; (2) define the geometric shape and the optical properties; (3)
obtain the light illuminance, intensity and luminance on several specific surfaces, and convert the results
to radiosity units based on the theory of Monte Carlo ray tracing [6]; (4) change the value of relevant
parameters to produce different output, carry out theoretical analysis on the transmittance, luminance and
uniformity, and finally realize the optimization of the project.
The structural dimension of the diffuser plate in this paper is 40mm×30mm×0.5mm. The diffuser plate
is made of polymethylmethacrylate (PMMA) [7]. 12 NSCW310T-Q LEDs from Nichia Company serve as
the light source, each of which has 30lum flux.
A direct type backlight model is shown in Fig.1. 12 LEDs are set 5 mm below the diffuser. The
distance between each LED in x, y direction is 5 mm, and each LED’s incident angle is 90. The micro-
semispheres at the bottom of diffuser plate are simulated under following two conditions respectively: (1)
the center distance is changing, but the radius is fixed; (2) the radius is changing, but the center distance is
fixed.
Fig.1 Schematic diagram of the Direct Type Backlight
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2.1. Fixed center distance, changing radius
In the micro-lens zone, the center distance is fixed at 0.6 mm, and the radius is set to 0.1 mm, 0.15 mm,
0.2 mm, 0.25 mm, 0.3mm in turn. The effects of the radius on luminance of the diffuser plate are obtained
by analyzing the model using Lighttools7.0. The result is shown in Fig.2. The distribution of the
luminance with different radius is shown in Fig.3 (a-e). In Fig.2, the luminance decreases as the radius
gets bigger. In Fig.3, the distribution of the luminance becomes increasingly uniform and the uniformity
of the diffuser improves, with the increase of the radius value. When the light goes through the diffuser,
the micro-semispheres can make the scattering or diffusely reflecting light rays exit from surface
uniformly, according to the principle of light scattering. As the radius of the dots get bigger, the dots
density increases. The dots reflection also increases. This improves the diffusibility of the diffuser. As a
result, the uniformity improves. But the value of luminance decreases because a number of light rays
cannot directly transmit through the plate due to the bigger density of the dots.
Fig.2 The influence of the sphere radius on luminance
(a) R=0.1 mm (b) R=0.15 mm (c)R=0.2 mm (d) R=0.25 mm                (e) R=0.3 mm
Fig.3 The influence of radius on distribution of the Luminance
2.2. Fixed radius, changing center distance
The radius was set at a fixed value of 0.1 mm. The center distance between two adjacent semispheres
varied from 0.2 mm to 1.0 mm in steps of 0.1 mm. This was also simulated in the software Lighttools7.0.
The influence of the center distance on luminance is shown in Fig.4. The distribution of the luminance
with different center distances is shown in Fig.5. The results in Fig.4 show that the luminance increases
with the increase of the center distance. As is shown in fig.5, the distribution of the luminance becomes
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less uniform, and the uniformity of the diffuser decreases, with the increase of the center distance. As
aforementioned, the micro-semispheres can make the scattering or diffusely reflecting light rays exit from
the surface of the diffuser uniformly. However, the dots density decreases as the center distance increases,
so the diffusibility of diffuser decreases and thus the uniformity deteriorates. More light transmits through
the plate, so the luminance value gets bigger.
Fig.4 The influence of the center distance on the optical properties
(a) 0.2 mm  (b) 0.3 mm (c) 0.4 mm (d) 0.5 mm (e) 0.6 mm
(f) 0.7 mm (g) 0.8 mm (h) 0.9 mm  (i) 1.0 mm
Fig.5 The influence of the center distance on distribution of the Luminance
2.3. Optimization of the center distance
In this model, each surface of the diffuser plate is set as Fresnel loss with the lambertian scatter micro-
lens. The center distance is optimized by Lighttools7.0 when the radius is fixed at 0.1 mm0.15 mm
0.2 mm0.25mm0.3mm, respectively. The optimization results are shown in Table.1, including the
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original value of the center distance, the optimization center distance, the uniformity and the
transmittance. And the distribution of the illuminance is shown in Fig.6.
Tab.1 The optimization results with different radius
R(mm) Xori(mm) Yori(mm) Xopt(mm) Yopt(mm) U(%) T(%)
0.1 0.2 0.2 0.201 0.201 42.72 58.14
0.15 0.3 0.3 1.435 0.571 46.19 58.03
0.2 0.4 0.4 1.433 0.996 47.06 58.01
0.25 0.5 0.5 1.565 1.235 47.53 58.02
0.3 0.6 0.6 0.6 0.646 60.92 58.09
Note: Xori, Yori represent the original value of the center distance in X, Y direction; Xopt,Yopt represent the optimization value of the
center distance in X, Y direction; U represents uniformity;T represents transmittance.
(1) R=0.1mm  (2) R=0.15mm
(3) R=0.2mm (4) R=0.25mm
(5) R=0.3mm
Fig.6 Distribution of the illuminance with different sphere radius
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2.4. Conclusion
The size and arrangement of micro-semispheres were simulated and optimized using Lighttools7.0
software based on a Monte Carlo ray tracing. By analyzing the simulation results, we got the conclusion
as follows:
 The distribution of the luminance becomes increasingly uniform, and the uniformity of the diffuser
increases, with the increase of the radius value.
 The luminance increases with the increase of the center distance. But the distribution of the
luminance becomes less uniform, and the uniformity of the diffuser decreases, with the increase of
the center distance.
 When the sphere radius is fixed, the center distance optimization results show: when the sphere
radius is fixed at 0.1mm,  the best distance in X direction is 0.2mm and 0.2mm in Y direction; when
the sphere radius is fixed at 0.15mm,  the best distance in X direction is 1.435mm and 0.571mm in Y
direction; when the sphere radius is fixed at 0.2mm,  the best distance in X direction is 1.433mm and
0.996mm in Y direction; when the sphere radius is fixed at 0.25mm, the best distance in X direction
is 1.565mm and 1.235mm in Y direction; when the sphere radius is fixed at 0.3mm,  the best
distance in  X direction is 0.6mm and 0.646mm in Y direction.
The influence of the radius and the center distance of the micro-sphere on the light luminance and
scattering is revealed in this paper. This research provides an effective optimization method for the
further study of the direct type backlight.
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